Introduction
Sulfur is a macronutrient essential for plant, that is present in nature in different oxidation states, being sulfate the most common oxidized form. Plants, microorganisms and fungi, differently from animals, are able to reduce sulfate to sulfide and incorporate the reduced sulfur into organic compound through an energy-dependent process, originating a large variety of essential biomolecules. Cysteine (Cys) is the first organic compound containing reduced sulfur synthesized by the plant photosynthetic assimilation of sulfate (Takahashi et al. 2011) . Cys is a very important metabolite not only as a proteinogenic amino acid, but also by its function as a precursor of essential biomolecules. In proteins, the thiol group of Cys, susceptible of oxidation to render disulfide bridges, stabilizes the tertiary and quaternary protein structures and, consequently, determines protein function (Haag et al. 2012) , and often located in enzyme active sites are essential for catalysis (Richau et al. 2012) . Moreover, the reversible conversion between free thiols groups and disulfide bridges is the basis of protein redox regulation (Buchanan and Balmer 2005) . An equally important aspect of Cys is that is the precursor molecule of an enormous number of sulfur-containing metabolites essential for the development of plant life. These metabolites include the other sulfur amino acid, methionine, vitamins such as biotin and thiamine, cofactors such as S-adenosylmethionine (SAM), coenzyme A, molybdenum cofactor (CoMo), and lipoic acid and iron-sulfur clusters that participate in the electron transport (Droux 2004; Wirtz and Droux 2005; Van Hoewyk et al. 2008) . Special mention deserves the Abstract Cysteine (Cys) is the first organic compound containing reduced sulfur that is synthesized in the last stage of plant photosynthetic assimilation of sulfate. It is a very important metabolite not only because it is crucial for the structure, function and regulation of proteins but also because it is the precursor molecule of an enormous number of sulfur-containing metabolites essential for plant health and development. The biosynthesis of Cys is accomplished by the sequential reaction of serine acetyltransferase (SAT) and O-acetylserine(thiol)synthase (OASTL). In Arabidopsis thaliana, the analysis of specific mutants of members of the SAT and OASTL families has demonstrated that the cytosol is the compartment where the bulk of Cys synthesis takes place and that the cytosolic OASTL enzyme OAS-A1 is the responsible enzyme. Another member of the OASTL family is DES1, a novel l-cysteine desulfhydrase that catalyzes the desulfuration of Cys to produce sulfide, thus acting in a manner opposite to that of OAS-A1. Detailed studies of the oas-a1 and des1 null mutants have revealed the involvement of the DES1 and OAS-A1 proteins in coordinate regulation of Cys homeostasis and the generation of sulfide in the cytosol for signaling purposes. Thus, the levels of Cys in the cytosol strongly affect plant responses to both abiotic and biotic stress conditions, while sulfide specifically generated from the degradation of Cys negatively regulates autophagy induced in different situations. In conclusion, modulation of the levels of Cys and sulfide is likely critical for plant performance.
antioxidant glutathione (GSH), regarded major determinant of cellular redox homeostasis (Foyer and Noctor 2011; Noctor et al. 2012) , which is based on the reactivity of its thiol group. Equally other functions of GSH in response to adverse environmental conditions, like resistance to metal stress through GSH-derived peptides (Mendoza-Cozatl et al. 2011; Rea 2012) , xenobiotic detoxification by GSHconjugation (Dixon et al. 2002) , and plant defense to pathogens, together with many other cysteine-derived metabolites involved in pathogenic responses (Rausch and Wachter 2005) . Other example is the hormone ethylene, involved in many aspects of plant life, which is synthesized in the cytosol from methionine (Bleecker and Kende 2000) . Therefore, we conclude that Cys plays a central role in the primary and secondary metabolism of the plant.
The biosynthesis of cysteine is the last step of the photosynthetic sulfate assimilation pathway, which comprises four stages: transport, activation, reduction and incorporation (Fig. 1) . Sulfate from the soil is transported through the root plasma membrane by a proton/sulfate co-transport, which subsequently is loaded into the xylem vessels and distribute it to the entire plant. The uptake of sulfate is strictly controlled and is the most regulated step in the pathway. In Arabidopsis thaliana, 12 genes have been identified and classified into four different groups, depending on their substrate affinity and function (Takahashi 2010) . Sulfate can be stored into vacuoles or transported to shoot chloroplasts to proceed with the assimilatory pathway.
Before sulfate reduction, an activation step of sulfate must be produced to originate adenosine 5′-phosphosulfate (APS) with a redox potential lower than sulfate and consequently easily reduced by physiological electron donors (Fig. 1 ). This step is catalyzed by ATP sulfurylase, and in A. thaliana, three chloroplast and one cytosolic isoforms are presented (Hatzfeld et al. 2000a) . APS is then reduced through two enzymatic steps located exclusively in chloroplasts, to produce sulfide, the most reduced inorganic form of sulfur (Fig. 1) . In the firs step, APS is reduced to sulfite by APS reductase using GSH as reducing molecule, and in A. thaliana tree different chloroplast isoforms are described. The plant enzyme consists in two protein domains, the N-terminal reductase and the C-terminal thioredoxin/glutaredoxin-like domain (Setya et al. 1996; Kopriva and Koprivova 2004; Gutierrez-Marcos et al. 1996) . APS reduction together with the sulfate uptake are primary steps of control of the sulfur assimilation, where the transcript levels are strictly regulated by sulfate availability (Yoshimoto et al. 2007; Buchner et al. 2004; Vauclare et al. 2002) . In the second step of reduction, sulfite is reduced by sulfite reductase to sulfide in a six-electron reaction using reduced ferredoxin as reductant (Fig. 1) . The enzyme is dependent on siroheme and Fe-S centers as prosthetic groups. Differently from other enzymes of the pathway, are encoded by a low number of genes like in A. thaliana with only a single gene (Khan et al. 2010) . 
Biosynthesis/metabolism of cysteine in Arabidopsis thaliana
In the last stage of the photosynthetic sulfate assimilation pathway, the sulfide is incorporated into an amino acid skeleton to form cysteine, which represents the entry reaction of the most reduced inorganic sulfur compound into the metabolism in plants, but also in the human food chain. The biosynthesis of Cys takes place in the cytosol, plastids and mitochondria and is accomplished by the sequential reaction of the enzyme serine acetyltransferase (SAT) and the enzyme O-acetylserine(thiol)synthase (OASTL) (Fig. 1) . SAT synthesizes the intermediary amino acid skeleton O-acetylserine (OAS) from actyl-CoA and serine. OASTL incorporates the sulfide to OAS to produce Cys, and requires pyridoxal-5′-phosphate (PLP) as cofactor. SAT and OASTL physically interact to form the hetero-oligomeric cysteine synthase complex, extensively studied in plants (Droux et al. 1998; Hell 2006, 2007; Francois et al. 2006) . The SAT enzyme possesses a N-terminal domain, rich in α-helix structures, involved in SAT/SAT interaction and a C-terminal domain responsible for the SAT/OASTL interaction and catalysis. Protein interactions within the complex strongly modify the kinetic properties of its components, enabling SAT to be active for the synthesis of OAS, but OASTL inactive and only the abundant free OASTL form synthesizes Cys. This complex is considered a regulatory circuit to modulate Cys production dependent on the intracellular sulfur state of the plant, as its formation is dependent on the relative amounts of sulfide and OAS (Yi et al. 2010; Jez and Dey 2013) . Sulfide stabilizes the complex to the formation of OAS and the synthesis of Cys, but when OAS is in excess, the complex dissociates to reduce OAS production.
In the plant cells, a variety of different SAT and OASTL isoforms are present dependent on their location, thus resulting in different subcellular Cys pools. Besides, there is not agreement among the number of SATs and OASTLs in different photosynthetic organisms, generally with a higher proportion of OASTL proteins. These data induce to question about if all OASTL enzymes form complexes with their corresponding SAT enzymes, or on the contrary, some OASTLs have other functions not related with the primary Cys biosynthesis, as has been demonstrated in Arabidopsis ). In the model organism Arabidopsis thaliana, there are five SAT enzymes (Howarth et al. 2003) and eight OASTL enzymes (Fig. 2) . Although the assimilatory reduction of sulfide takes place in the chloroplast, also the cytosol and the mitochondrion contain SAT and OASTL enzymes for the biosynthesis of cysteine. The three most abundant SATs are located in each compartment: SAT1/SERAT2;1 (At1g55920) in the chloroplast; SAT3/SERAT2;2 (At3g13110) in the mitochondrion; and SAT5/SERAT1;1 (At5g56760) in the cytosol, and all three SATs interact with OASTLs to form the complex. Two other minor SAT isoforms: SAT2/SERAT3;1 (At2g17640) and SAT4/SERAT3;2 (At4g35640) are located in the cytosol and are suggested not to be able for interaction (Kawashima et al. 2005; Howarth et al. 2003; Bonner et al. 2005; Heeg et al. 2008) .
Meanwhile, the OASTL family from A. thaliana includes the most abundant cytosolic OAS-A1 (At4g14880), the plastidial OAS-B (At2g43750), and the mitochondrial OAS-C (At3g59760) isoforms (Fig. 2) . These proteins are OASTLs by itself since catalyze the synthesis of Cys and are able to interact with their SAT partners (Bonner et al. 2005; Heeg et al. 2008) . Other enzyme also included in the OASTL family due to the very high conservation of the encoding gene is the highly expressed isoform located in the mitochondria CAS-C1 (former CYS-C1, At3g61440), which is a β-cyanoalanine synthase, catalyzing the conversion of Cys and cyanide to hydrogen sulfide and β-cyanoalanine (Hatzfeld et al. 2000b; Yamaguchi et al. 2000) . It has been demonstrated that CAS-C1 plays an essential role in the mitochondria for the maintenance of certain levels of cyanide for signaling in different plant processes ). Thereby, non-toxic level of cyanide in the plant regulates the root hair development and the plant immune responses . Moreover, because hydrogen sulfide is generated by the CAS-C1 activity and is used as substrate by OAS-C, thus resulting in a cyclic pathway in the mitochondria (Fig. 2) , the OAS-C is acting together with CAS-C1 in modulating the cyanide levels (Alvarez et al. 2012c) .
The Arabidopsis chloroplasts contain, in addition to OAS-B, other isoform initially identified by sequence homology and which is expressed to very low levels, the protein SCS (former CS26, At3g03630) (Fig. 2) . SCS is a S-sulfocysteine synthase, catalyzing the incorporation of thiosulfate (instead of sulfide like an authentic OASTL) to OAS to form S-sulfocysteine, and despite to be a minor protein, seems to play an essential role in chloroplast redox control, in contrast to the abundant OAS-B protein Gotor et al. 2010) . Interestingly, these two enzymes have other important different feature, their localization inside the chloroplast. OAS-B is located in the stroma and SCS is located in the thylakoid lumen (Bermudez et al. 2012) . It is there where SCS appears to exert its essential function to proper photosynthetic performance under long-day growth conditions (Bermudez et al. 2012) . Thus, it is suggested that this function could be to act as a protein sensor in the thylakoid lumen of the chloroplast redox status, in the way that if a ROS production occurs, it may originate thiosulfate due to interference with reduction of sulfite, and SCS would use the thiosulfate to produce S-sulfocysteine that would trigger protection mechanisms .
Finally, in the Arabidopsis cytosol there are three remaining OASTL-like expressed in lower levels than the major OASTL-A1 (Fig. 2) , the CYS-D1 (At3g04940) and CYS-D2 (At5g28020), both two poorly studied, and DES1 (At5g28030), focus of intense investigation in recent years, which has shown the enzymatic reaction it catalyzes and its specific roles in plant. DES1 is a novel l-cysteine desulfhydrase that catalyzes the desulfuration of Cys, instead of the synthesis of Cys like the OASTL, to produce sulfide plus ammonia and pyruvate . Therefore, DES1 acts in the opposite orientation to OAS-A1, and therefore it has been proposed that both enzymes are coordinately involved in regulating the homeostasis of Cys and the generation of sulfide in the cytosol for signaling purposes (Alvarez et al. , 2012b Gotor et al. 2010 Romero et al. 2013) , as described below.
Cysteine homeostasis in the cytosol
In Arabidopsis, the analysis of specific mutants of members of the SAT and OASTL family has demonstrated that mitochondria are the predominant source of OAS in vivo and that cytosol is the compartment where the major bulk of Cys synthesis takes place, while chloroplasts provide the sulfide via the assimilatory sulfate reduction (Haas et al. 2008; Heeg et al. 2008; Krueger et al. 2009; Watanabe et al. 2008a, b) . However, when a compartment is affected by mutations in any SAT or OASTL isoform, the other compartments are able to provide Cys for plant viability.
The observation of the cytosol as the major site of Cys synthesis correlates well with the estimated Cys concentrations >300 and <10 μM in other cell compartments (Krueger et al. 2009 ). However, Cys is a toxic molecule when it is present above a certain concentration threshold, due to the high reactivity of its thiol. These groups are easily oxidized to form reactive sulfur species (RSS) that inhibit enzyme activities, and also generate reactive oxygen species (ROS) through the Fenton reaction catalyzed by iron and provoke an important oxidative damage (Jacob et al. 2003; Park and Imlay 2003) . Consequently, Cys homeostasis must be maintained very accurately and this has been suggested to occur through the coordinated action of the OAS-A1 (Cys synthesis) and DES1 (Cys degradation) enzyme activities. This suggestion arises from the detailed study of the oas-a1 and des1 null mutants that show opposite features. A significant reduction of the total intracellular Cys concentration (oas-a1 mutants) originates an imbalance between the generation and removal of ROS and accordingly the oas-a1 mutant plants are oxidatively stressed (Lopez-Martin et al. 2008a); whilst a significant increase of the Cys content (des1 mutants) enhances the antioxidant defenses and therefore decreases the ROS production . These findings clearly suggest that the level of cysteine is a determinant of the oxidative status of the cytosol in Arabidopsis (Lopez-Martin et al. 2008b ).
Thereby, a change in the Cys homeostasis in the cytosol should affect redox-signaled processes in the plant and this is precisely what is observed in both oas-a1 and des1 mutants. Thus, the des1 mutants show an early leaf senescence that is evidenced at cellular level by the accumulation of senescence-associated vacuoles (SAVs) and at the transcriptional level by the induced expression of senescence-associated genes. Conversely, the oas-a1 mutants exhibit neither the presence of SAVs nor induced transcripts (Alvarez et al. , 2012b Lopez-Martin et al. 2008a) . Likewise it occurs in the plant responses to adverse conditions, where opposing phenotypes are observed. Under abiotic stress like Cd stress, the des1 mutants show increased tolerance and the oas-a1 mutants show increased sensitivity when compared to wild type plants Lopez-Martin et al. 2008a ). Upon pathogen attack, again the same behavior, that is, the enhanced resistance to pathogens by the des1 mutants that resemble the constitutive systemic acquired resistance mutants, and the decreased resistance to pathogens by the oas-a1 mutants (Alvarez et al. 2012a) . Therefore, the levels of Cys in the cytosol strongly affect the plant responses to both abiotic and biotic stress conditions, resulting evident that an increased level (to a certain threshold) induces stress tolerance/resistance. These findings also confirm the involvement of the DES1 and OAS-A1 proteins in a coordinate way to regulate the Cys homeostasis in the cytosol. All these data suggest that the accurate regulation of their activities and therefore the modulation of the Cys homeostasis in the cytosol should be critical for plant performance.
Regulation of autophagy by sulfide generated from cysteine in the cytosol
One of the essential processes for plant performance is the autophagy, which is a universal mechanism present in eukaryotic cells involved in the digestion of cellular content for subsequent recycling of nutrients, as well as the degradation of damaged or toxic components. It is a process that occurs constitutively, that is, occurs at basal level in growing cells, allowing recycling proteins and organelles. But also, plants induce autophagy under stress conditions such as nutrient limitation, the presence of drugs and other abiotic stresses. Besides autophagy is involved in various physiological aspects as plant development, immune response or senescence. There are three types of autophagy: microautophagy, macroautophagy and chaperone mediated autophagy (CMA). During microautophagy, the material is directly engulfed by the vacuole via tonoplast invagination releasing in the vacuolar lumen a vesicle containing cytoplasmic constituents that are further digested by the hydrolases inside the vacuole. By contrast, macroautophagy starts in the cytoplasm, where cytoplasmic constituents and organelles are sequestered in a structure of double membrane called the autophagosome. The outer membrane fuses with the tonoplast, releasing the remaining autophagic body surrounded by the inner membrane. Vacuolar hydrolases degrade the autophagic body and the degradation products are transported back to the cytosol. CMA consists in the selective degradation of cytosolic proteins by using a cytosolic chaperone HSC70, which recognizes substrate proteins containing the motif KFERQ. However, it is unclear whether CMA is present in plants (Bassham 2007; Li and Vierstra 2012; Yoshimoto 2012; Perez-Perez et al. 2012; Xiong et al. 2007; .
The ATG genes are essential for the formation of autophagosome and, first identified in yeast, are highly conserved in eukaryotes and have contributed significantly to the investigation of autophagy in these organisms. The vast majority of homologs of the yeast ATG genes have been identified primarily in Arabidopsis and other plants. Most of the essential components are conserved, suggesting that the molecular basis of the core autophagy machinery is essentially the same in plants and yeast. Essential genes for the formation of autophagosome are [12] [13] [14] [16] [17] [18] , and the encoding proteins can be divided into five functional groups: ATG1 kinase complex, PI3 kinase complex, the ATG9 complex and the two ubiquitination-like conjugation systems ATG7-ATG10 and ATG7-ATG3 Bassham et al. 2006; Yoshimoto et al. 2010 ). The best-studied proteins involved in plant autophagy are those of the ubiquitin-like conjugation systems. The first contributes to the formation of a covalently linked conjugate of ATG5 and ATG12, and the second is more unusual because the ATG8 protein is conjugated to a lipid, phosphatidylethanolamine (PE). Both conjugates are involved in the biogenesis of the autophagosome membranes, but only ATG8-PE is present upon completion of the autophagosome. Therefore, the ATG8 accumulation and lipidation have been extensively used to monitor autophagic activity in plants (Yoshimoto et al. 2004; Phillips et al. 2008; Chung et al. 2009 ).
Precisely, the accumulation and lipidation of ATG8 isoforms in Arabidopsis promoted by the deficiency of the DES1 enzyme have allowed to interlink the Cys metabolism in the cytosol with the process of autophagy. Detailed characterization of the des1 null mutants has enabled to get information about the role of sulfide metabolically generated from Cys in the cytosol as a signaling molecule that regulates autophagy (Alvarez et al. 2012b; ). As described above for other plant processes, also the oas-a1 and des1 mutants show opposing phenotypes related to the progression of autophagy. The absence of functional DES1 in the cytosol causes an accumulation of ATG8 proteins, predominantly for the lipidated ATG8 forms. By contrast, the same patterns of ATG8 lipidation in wild type and the oas-a1 mutant plants are observed (Alvarez et al. 2012b ). These results may suggest that either the level of Cys in the cytosol regulates the progression of autophagy (less Cys like in the oas-a1 mutant plants inhibits autophagy/more Cys like in the des1 mutant plants represses autophagy), or that specifically the absence of the DES1 enzyme activity in the cytosol promotes the induction of autophagy. Different clues coming from emerging experimental evidence that reveal sulfide to be a signaling molecule of equal importance to NO and H 2 O 2 in plants, and conducting further research, allowed us to believe that the second conclusion is more plausible Romero et al. 2013) .
Although hydrogen sulfide has been known for a long time as a toxic molecule for life, in recent years, it has been recognized as an important signaling molecule both in animal and plant systems (Wang 2012; Garcia-Mata and Lamattina 2013; Lisjak et al. 2013 ). In plants, numerous studies have shown that sulfide increases tolerance/resistance against stress conditions, such as metal stress (Zhang et al. 2008; Dawood et al. 2012; Wang et al. 2010; Sun et al. 2013; , drought (Jin et al. 2011) , hypoxia (Cheng et al. 2013) , salinity (Christou et al. 2013; Wang et al. 2012) , and heat . Moreover, sulfide has been also demonstrated to regulate many essential plant processes, like photosynthesis (Chen et al. 2011) , stomatal movement (Garcia-Mata and Lamattina 2010; Lisjak et al. 2010) , flower senescence (Zhang et al. 2011) , and postharvest life of fruits (Hu et al. 2012) . Therefore, because DES1 catalyzes the enzymatic desulfuration of Cys to sulfide, the DES1 mutation provokes a reduction in the capacity of the cytosol to release sulfide. Consequently, restoring the capacity of sulfide generation, either by genetic complementation or by exogenous applied sulfide, is able to rescue the induction of autophagy observed in the des1 null mutants (Fig. 3) . When the des1 mutant is complemented with the full-length DES1 cDNA fragment, the same pattern of ATG8 accumulation as the wild type is observed (Fig. 3) , showing also the same endogenous measured H 2 S concentrations (Alvarez et al. 2012b) . Analogously, the exogenous addition of sulfide rescues the autophagy activation phenotype of the des1 mutant, as observed in the immunoblot analysis where a significant reduction of ATG8 accumulation and lipidation is detected (Fig. 3) (Alvarez et al. 2012b ). All these data reinforce the idea that is the intracellular sulfide generated from Cys in the cytosol that acts regulating the process of autophagy.
Different studies have shown an induction of autophagy under nutrient starvation conditions in plants (Rose et al. 2006; Yoshimoto et al. 2004; Chung et al. 2009; Contento et al. 2004; Xiong et al. 2005) . Interestingly, exogenous sulfide also suppresses the induction of autophagy in wild type plants when are subjected to carbon starvation (Alvarez et al. 2012b ). Thus, it seems that sulfide specifically generated from the degradation of Cys inside the cytosol, acts as a signaling molecule and regulates negatively the autophagy induced by different situations. This regulation has shown independent of its role as nutrient as it has been demonstrated in the studied plant system that does not exhibit sulfur limitation (Alvarez et al. 2012b) .
In addition to the published in plant systems, it was recently reported in yeast that, although nitrogen deficit is also a common trigger of autophagy, some yeast cells induce autophagy upon switch from a rich to minimal media without nitrogen starvation and that sulfur-containing amino acids, cysteine and methionine, inhibit such non-nitrogen-starvation-induced autophagy (Sutter et al. 2013) . The mechanism underlying this regulatory system of autophagy in yeast indicates that the level of cysteine and methionine and its downstream metabolite S-adenosylmethionine regulates the methylation status of the protein phosphatase PP2A which in turn promotes dephosphorylation of Npr2p, a component of a conserved complex that regulates autophagy and other growth-related processes (Laxman et al. 2014; Sutter et al. 2013) . The data shown in plant and yeast indicate that sulfur-amino acids act as sensors of the metabolic status and trigger signaling mechanisms that control important cellular processes.
Conclusions and future perspectives
The amino acid cysteine is an essential metabolite for plant development. It is the product of the photosynthetic sulfate assimilation pathway and therefore the entry point of the reduced sulfur into the metabolism firstly of plants but also for humans. Most remarkable, Cys is essential for protein structure, function and regulation, and equally important Cys is the precursor of a variety of sulfur-containing wt des1 compl-des1 des1 + NaHS Fig. 3 Effect of genetic complementation and exogenous sulfide on the induced autophagy of the des1 null mutant. A. thaliana wild type, des1 mutant and the complemented-des1 line plants were grown in soil for 4 weeks under physiological conditions, and the NaHStreated des1 mutant plants were grown for 20 days under physiological conditions and 10 additional days irrigated with 200 μM NaHS. Protein extracts were prepared from leaves as described (Alvarez et al. 2012b ). For immunoblot analysis, 60 μg of protein extracts were resolved by 15 % SDS-PAGE and transfer to membrane that were incubated with anti-Cr-ATG8 primary (Perez-Perez et al. 2010) and horseradish peroxidase-conjugated anti-rabbit secondary antibodies diluted 1:2,000 and 1:10,000, respectively. The previous Ponceau staining of the membrane is shown as the protein loading control. More details in (Alvarez et al. 2012b ) (http://www.plantcell.org; copyright American Society of Plant Biologists) metabolites essential for plant life. In recent years, an intense investigation on the enzymes involved in the biosynthesis of cysteine, mainly in A. thaliana, has been developed, and a very significant knowledge has emerged. One important breakthrough has been the demonstration that cytosol is the compartment where Cys biosynthesis mainly takes place, which has highlighted the relevance of the homeostasis of Cys in the cytosol. Recent findings has shown that alteration of this homeostasis strongly affects the plant responses to stress conditions and that its modulation by the coordinate action of the enzymes OAS-A1 (catalyzing the Cys synthesis) and DES1 (catalyzing the desulfuration of Cys to sulfide) should be critical for plant performance (Fig. 4) . In addition, another relevant breakthrough has been the implication of Cys in the generation of the molecule of sulfide in the plant cytosol for signaling purposes. Thus, it has been concluded that the cytosolic DES1 enzyme is the responsible for modulating the generation of sulfide that acts as a signaling molecule regulating an essential process for any eukaryotic organism like the autophagy. This conclusion opens many areas of potential investigation; such as to determine the mechanisms of H 2 S action and its molecular targets related to autophagy or any other plant processes. Furthermore, the mechanism underlying the modulation of sulfide generation by the DES1 enzyme, the specific function and coordination of DES1 and the OAS-A1 in the signaling of different plant processes, the regulation of these enzymes, and so on. 
